The results of a direct measurement of the longitudinal thermal expansion coefficient of an isolated transcrystalline layer are reported below for a nylon 66 transcrystalline strip grown on a Kevlar 29 aramid fibre. It is shown that the expansivity of the transcrystalline layer is more than an order of magnitude smaller than that of the bulk crystallized matrix. It is hypothesized that the transcrystalline layer relieves thermal stresses in composite materials by matching the expansivities of the constituents.
Our recent studies of crystallization processes in nylon 66 have shown that they are significantly facilitated by the presence of either carbon or aramid fibres, which produce a high concentration of nucleation sites resulting in transcrystallization on the fibre surface [1] [2] [3] . It was hypothesized in one of those studies that the transcrystalline layer, due to the alignment of its crystallites, reduced the thermal mismatch of the constituents, resulting in smaller thermal stresses in the composite material. However, the attempt to determine the effect of the transcrystalline layer on the thermal expansion of aramid fibre-reinforced nylon 66 microcomposites yielded inconclusive results which could not support that hypothesis unambiguously [2] . Although the experimental results indicated a strong effect of the total crystallinity, it was impossible to isolate the individual effect of the transcrystalline layer because the calculations were highly sensitive to the values of the elastic and physical constants of the constituents, for which only nominal or literature data could have been obtained.
The ability of this research group to obtain specimens of isolated transcrystalline layer by microtoming, reported recently for the first time [4] , opened a window for a range of direct characterization techniques. For example, the interfacial transcrystallinity in aramid fibrereinforced nylon 66 microcomposites was studied using dynamic mechanical thermal analysis, and the results showed that the viscoelastic energy damping of the transcrystalline layer was 2 fold smaller while the elastic storage modulus was 2 fold higher compared with the respective values of the crystallized matrix. Moreover, it was shown that the energy damping and the storage modulus of an aramid fibre-reinforced nylon 66 microcomposite with trans crystallinity could be calculated by three term "rule-of-mixtures" expressions including the respective contributions of the transcrystalline layer.
Here, the new approach is utilized to measure directly the coefficient of thermal expansion of a transcrystalline layer in the fibre direction. Nylon 66 transcrystalline layers were grown in Kevlar 29 aramid fibre-reinforced microcomposites, and 0.1 mm wide strip specimens were prepared as depicted in Figure 1 , following exactly the experimental procedure described earlier [4] . The nominal volume fraction of trascrystallinity in each strip specimen was around 0.36. Strip specimens of quenched and crystallized nylon 66 were also prepared, as in reference [4] , and tested for comparison. The thermal expansion was measured by a Mettler TMA 40 thermomechanical analyzer according to the routine employed in our previous work [2, 5] . Figure 2 presents the results of the thermal strain as a function of temperature for three types of strip specimens, namely, quenched, crystallized and transcrystallized. It is seen that quenching results in higher thermal strains as well as stronger temperature dependence while the transcrystalline specimen exhibits the smallest and the least temperature dependent thermal strains. The coefficient of thermal expansion at a given temperature is the value of the first derivative of the strain -temperature function at that temperature. For example, the average coefficients for the temperature range of 103-l23°e are 373, 307 and 122 10-6 -c-i, for the quenched, crystallized and transcrystallized specimens, respectively (the latter is, in fact, temperature independent). It is seen that at 36% transcrystallinity the coefficient of thermal expansion in the fibre direction is almost 3 times smaller than for the regular (spherulitic) crystallinity. Assuming that the transcrystalline strip specimen behaves like a composite material of a zero fibre content, Equation 1 can be used to calculate the longitudinal expansivity (in the fibre direction), atc, of 100% transcrystallinity, as follows:
( 1) where a, E and V are the coefficient of thermal expansion, the modulus and the volume fraction and the subscripts c, m and tc denote the composite, the crystallized matrix and 100% transcrystallinity, respectively. Applying Equation 1 to the temperature range of the example above (103-l23°C) with the experimental values of a c = l22xlO-6 and am = 307xlO-6°C-I, Em = 0.64 and Etc = 2.0 GPa [4] andV tc = 0.36, a value of atc = 16.8 10-6°C -l is obtained. It is seen that the coefficient of thermal expansion in the fibre direction of the transcrystalline layer is more than an order of magnitude smaller than that of the crystallized bulk matrix. (It is noted that the values of the coefficients of thermal expansion at 100°C of the quenched and crystallized specimens measured in this study are higher than those measured previously [2] . This could have resulted from a dimensional effect, where due to the smaller cross-sectional area of the strip specimens, the same dead load of O.OlN applied during the testing put them under a much higher stress. Therefore, the coefficient values here, although reflecting material differences, are not comparable with those measured in [2] .)
It is concluded that by testing transcrystalline specimens directly, the assumption that the coefficient of thermal expansion of the transcrystalline layer is significantly smaller than that of the bulk matrix is confirmed. It is therefore plausible that residual thermal stresses, which may be otherwise present in the composite structure, are relieved by the transcrystalline layer that matches the expansivities of the constituents.
